Tumor necrosis factor-α (TNF-α), an important factor in systematic inflammation, is reportedly involved in several cancer types. The TNF-α -308 G>A (rs1800629) polymorphism in the promoter region influences TNF-α production. The association between TNF-α -308 G>A polymorphism and colorectal cancer (CRC) is not fully understood, especially the connections between TNF-α -308 G>A polymorphism and clinical features of CRC. In this study, TNF-α -308 G>A polymorphism was genotyped in 1140 individuals with or without CRC from Southwestern China. In case-control studies, we found no association between TNF-α -308 G>A polymorphism and CRC risk. Analysis of the correlations between TNF-α -308 G>A polymorphism and clinical features of CRC revealed that TNF-α -308 A allele was associated with higher body mass index (BMI) larger tumor size, and distant tumor metastasis in all CRC patients. Notably, rectal cancer (a subtype of CRC) patients with TNF-α -308 A allele had a very high risk of distant tumor metastasis [odds ratio (OR) = 4.481; 95% confidence interval (CI): 2.072-9.693; P = 0.00025]. The association between TNF-α -308 A allele and distant tumor metastasis remained even significant after adjusting all clinical characteristics (OR = 7.099; 95% CI: 2.482-20.301; P = 0.000256) in rectal cancer patients. Our results suggested that TNF-α -308 A allele was significantly associated with distant tumor metastasis in rectal cancer patients.
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Introduction
Colorectal cancer (CRC), one of the most prevalent malignant tumors, is the third most commonly diagnosed cancer and the fourth cause of cancer deaths worldwide [1] . The mortality and morbidity of CRC rapidly grows in the Chinese population. According to the latest Cancer Statistics of China [2] , CRC is the fifth newly diagnosed cancer among men, and the fourth among women in China. CRC is considered to be a highly heterogeneous and polygenic disease [3, 4] . The tumorigenesis of CRC is still not completely clear and is thought to be a multistep event. Environmental factors and genetic susceptibility in different cohorts are accepted to play important roles in the tumorigenesis of CRC [5] [6] [7] .
Distant metastasis adversely influences the survival of CRC patients [8] and significantly affects the treatment strategies of CRC. Inflammation and immune response play critical roles in CRC progression, including tumor metastasis and poor prognosis. The involvement of the immune system in CRC progression CRC is currently a research hotspot [9, 10] . Tumor necrosis factor-α (TNF-α) is an important pleiotropic cytokine produced by macrophages and is actively involved in immune regulations. TNF-α was thought to be associated with various malignant diseases, including cancer [11, 12] . The levels of elevated plasma TNF-α are commonly associated with poor prognosis [7, 13] , such as tumor recurrence and positive lymphnode stage [14, 15] . Meanwhile, TNF-α can induce epithelial mesenchymal transformation and subsequently promotes the invasion and metastasis of colorectal cancer [16, 17] . Single nucleotide polymorphisms in TNF-α gene is reportedly associated with the cancer diagnosis, treatment outcome, and survival of cancer patients [18, 19] . For instance, TNF-α -308 polymorphism is significantly associated with the risk of gastric and hepatocellular carcinomas, triple-negative breast cancer, myeloma, and lymphoma [20] [21] [22] [23] [24] , suggesting that TNF-α may be conducive to the early diagnosis of malignancies.
Some studies have focused on the association between TNF-α -308 polymorphism and CRC risk in different ethnicities and geographical regions worldwide [7, 24, 25] . However, results are inconsistent. Notably, research has been performed on associations between TNF-α -308 polymorphism and clinical features of CRC, especially in highly aggressive CRC with distant metastasis. In the present work, we conducted a case-control study to explore the role of TNF-α -308 polymorphism in CRC susceptibility, as well as the relationship between genotypes and clinicopathological characteristics.
Patients and methods

Ethics statement
Our study protocol was approved by the Institutional Review Board of Kunming Medical University. All study subjects provided written informed consent to participate in the study. The study conformed to the tenets of the Declaration of Helsinki. All methods applied were carried out in accordance with the approved guidelines.
Study subjects
This case-control study included 570 patients with constitutive CRC and 570 cancer-free controls. All subjects were from southwestern China. Patients were recruited from January 2010 to December 2015 in the First Affiliated Hospital of Kunming Medical University & Yunnan Tumor Hospital and had been diagnosed with histologically confirmed CRC. We classified the BC subtypes as colon and rectal cancer. Controls were selected based on a physical examination in the same region during the same period as patient recruitment. The selection criteria The association of TNF-α-308 polymorphism with CRC incidence was calculated using adjusted odds ratios (AORs) and 95% confidence intervals (CIs) from multivariate logistic regression. The analysis was performed using SPSS 17.0 (SPSSInc., Chicago, IL, USA). P value less than 0.05 was considered statistically significant.
Results
Cases and controls
We had a total of 570 CRC cases, in which 250 were colon cancer, 316 were rectum cancer, and 4 were both with colon and rectal cancer ( Table 1 ). The demographic characteristics of cases and controls are presented in Table 1 .
In this case-control study, the distributions of age and gender were consistently investigated among all cases and controls (P = 0.46 and 0.77, respectively). The genotype frequency of TNF-α-308 G and A alleles in the controls and cases concorded with HWE (P = 0.85 and 0.67, respectively). Considering that CRC is a complicated disease, many risk factors (such as age) are associated with the occurrence and progression of CRC [26, 27] . Therefore, we conducted stratified analysis on the data according to age, gender, tumor site, tumor size, tumor node metastasis (TNM) stage, presence of hypertension, diabetes mellitus, and levels of body Therefore, we conducted a stratified analysis on data according to age, gender, tumor site, tumor size, tumor-node-metastasis (TNM) stage, presence of hypertension, diabetes mellitus, and levels of body mass index (BMI) to determine whether the TNF-α-308 G>A polymorphism was associated with CRC incidence in specific subsets of the study population.
TNF-α -308 G>A polymorphism and CRC
The frequency of TNF-α -308 A allele in CRC patients and relevant normal individuals was 0.070 and 0.067, respectively (Table 2 ). No significant difference in TNF-α -308 A and G alleles was observed between CRC cases and controls.
Considering the few number of TNF-α -308 AA genotype, the dominant genetic model (GG/GA+AA) was used to analyze the genotype distribution of TNF-α -308 polymorphism. In the dominant genetic model, no significant (Table 3 ) difference between CRC cases and controls was found in TNF-α -308 polymorphism (OR = 0.884; 95% CI: 0.624-1.251; P = 0.535). TNF-α -308 polymorphism was not associated with the risk of colon cancer (OR = 0.895; 95% CI: 0.586-1.367; P = 0.661) or rectal cancer (OR = 1.386; 95% CI: 0.895-2.147; P = 0.165).
TNF-α -308 G>A polymorphism and clinical risk of CRC
To understand the association between TNF-α -308 G>A polymorphism and clinical features of CRC, logistic regression analysis was used to evaluate the correlations between TNF-α-308 G>A polymorphism and clinical characteristics (gender, age at diagnosis, BMI, tumor stage, tumor size, lymph-node metastasis, distant metastasis, history of polyp, and family history of cancer by CRC tumor-site classification), as shown in Table 4 . In all CRC patients, the GA and AA genotypes were associated with higher BMI index (OR = 2.056; 95% CI: 1.197-3.530; P = 0.01) and larger tumor size (OR = 1.81; 95% CI: 1.029-3.183; P = 0.042). Notably, TNF-α -308 GA and AA genotypes showed strong association with distant tumor metastasis (OR = 2.911; 95% CI: 1.697-4.992; P = 0.00017). Furthermore, rectal cancer patients with TNF-α -308 A allele had a very high risk of distant tumor metastasis (OR = 4.481; 95% CI: 2.072-9.693; P = 0.00025), as shown in Table 4 . After adjusting tumor stage, pathologic status, tumor size, and lymph-node metastasis status, the association became more significant (OR = 5.549; 95% CI: 2.437-12.632; P = 0.000045). The association between TNF-α -308 A allele and distant tumor metastasis remained even significant after adjusting all clinical characteristics (OR = 7.099; 95% CI: 2.482-20.301; P = 0.000256) in rectal cancer patients. By contrast, no association between TNF-α -308 GA and AA genotypes and distant metastasis was observed in colon-cancer patients (OR = 1.685; 95% CI: 0.592-4.796; P = 0.328). TNF-α -308 G>A was apparently not associated with other clinical features of CRC in our study. TNF-α -308 G>A polymorphism and physicochemical characteristics of CRC TNF-α is an important cytokine related to immune regulation and inflammation. Therefore, the correlation of TNF-α -308 polymorphism with inflammatory, physiological, and biochemical indices was analyzed in CRC patients. The levels of neutrophil, leukocyte, cholesterol, triglyceride, albumin, high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c) were used to access the relation with TNF-α -308 polymorphism in CRCs patients (Table 5) . In all CRC patients, GA and AA genotypes were more frequent in patients with neutrophil percentage exceeding 75% than those with lower neutrophil percentage (OR = 4.764; 95% CI: 2.39-9.495; P = 0.000012). However, the association between TNF-α -308 G>A polymorphism and neutrophil percent disappeared in patients with rectal or colon cancer. TNF-α -308 G>A polymorphism was associated with the number of neutrophils, which may have resulted from inflammation caused by CRC. In addition to neutrophil percentage, other clinical feathers as listed in Table 5 were not associated with TNF-α -308 GA and AA genotypes.
Discussion
TNF-α, an important inflammatory cytokine, is mainly produced by activated macrophages [28] . Recent studies have shown that TNF-α is actively involved in cellular apoptosis [29] [30] [31] and immune system [32] [33] [34] . TNF-α is also considered to be a very important connector between inflammation and cancer progression [35, 36] . These results suggested that TNF-α played a vital role in the etiology and progression of cancer. TNF-α -308 G>A polymorphism located in the promoter region reportedly influences TNF-α production [37] . Some studies have investigated the association between TNF-α -308 G>A polymorphism and CRC risk, but results are inconsistent [7] . Moreover, the association between TNF-α -308 G>A polymorphism and the clinical features of CRC is rarely studied. Therefore, from the point of view of population genetics, the role of TNF-α -308 G>A polymorphism in colorectal cancer requires further study.
To further understand the association between TNF-α -308 G>A polymorphism and CRC, 1140 individuals with or without CRC were enrolled in the present study. We found that TNF-α -308 G>A polymorphism showed no association with CRC risk in Han Chinese residing in Southwestern China, as shown in Tables 2 and 3 . This result was generally consistent with meta-analysis results [32] indicating that TNF-α -308 G>A polymorphism does not confer susceptibility to CRC risk in Eastern populations. Notably, in Western populations, TNF-α -308 G>A polymorphism is thought to be a risk factor for CRC [32] . Therefore, our data further supported the notion that the genetic predisposition of TNF-α-308 G>A polymorphism to CRC was related to the substantial population heterogeneity. The association between TNF-α -308 G>A polymorphism and the clinical features of CRC remains unclear. Recently, Li et al [24] suggested that the TNF-α-308 A allele is a risk factor of distant metastasis in patients with triple-negative breast cancer. This finding indicates that TNF-α -308 G>A polymorphism may be involved in cancer progression. In the present work, TNF-α -308 A allele was associated with higher BMI index, larger tumor size, and distant metastasis in CRC patients, as shown in Table 4 . Our data showed that TNF-α -308 G>A polymorphism may be involved in cancer progression. Meanwhile, the correlation between TNF-α -308 A polymorphism and distant metastasis remained in rectal cancer patients (Table 4) , indicating that TNF-α -308 G>A polymorphism may be an important risk factor affecting rectalcancer patients. The potential role of TNF-α 308 A allele in CRC metastasis requires further verification through animal experiments. TNF-α -308 G>A polymorphism was associated with the number of neutrophils in all CRC patients ( Table 5 ), indicating that inflammation in CRC patients may be related to TNF-α -308 G>A polymorphism. However, the association between TNF-α -308 G>A polymorphism and the number of neutrophils cannot be further detected in CRC subtypes (rectal and colon cancers), as shown in Table 5 . The association between TNF-α-308 G>A polymorphism and neutrophils may be unrelated to neoplasm location (colon or rectum), although further confirmation is necessary. There are some limitations in this study. First, the sample size is modest in the present study. It could not fully detect the susceptibility of TNF-α -308 G>A polymorphism in each subtypes of CRC. Second, the results of the present study did not make a replicated study in another cohort of CRC patients. It should be further verified. Finally, the functional study was not performed to determine the role of TNF-α -308 A allele in distant metastasis of CRC subtypes.
Generally, in Han Chinese of southwestern China, TNF-α -308 G>A polymorphism may not predispose to CRC risk, but it may significantly increase risk of distant metastasis in rectal cancer patients.
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